Materials and methods

Protein expression, cloning, and purification
All proteins used for the study were expressed, cloned and purified based on the Northeast Structural Genomics Consortium (NESG) standard methodologies previously published. 1 Briefly, constructs for ARI3A_HUMAN residues 218-351 and Q67Z52_ARATH residues 11-97 (NESG ID: HR4394C and AR3436A, respectively) were cloned into modified pET15C expression vectors containing a short N-terminal purification tag (MGHHHHHHSH).
Constructs for Q9AAR9_CAUCR, Q8ZRJ2_SALTY, YPPE_BACSU, UFC1_HUMAN, P95883_SULSO, and A6B4U8_VIBPA (NESG ID: CcR55, StR65, SR213, HR41, SsR10, VpR247) were cloned into pET21 expression vectors containing a short C-terminal affinity tag (LEHHHHHH). All vectors were transformed into codon enhanced BL21 (DE3) pMGK E. coli cells, which were cultured at 37 o C in MJ minimal medium. 2 13 C, 15 N-double labeled samples required for NMR structure determination were fermented using ( 15 NH 4 ) 2 SO 4 and U- 13 C-glucose as the sole sources of nitrogen and carbon, respectively.
Protein expression was induced at reduced temperature (17 o C) by IPTG (isopropyl-β-Dthiogalactopyranoside). Expressed proteins were purified using an AKTAexpress (GE Healthcare) two-step protocol consisting of HisTrap HP affinity and HiLoad 26/60
Superdex 75 gel filtration chromatography. Sample purity (> 95%) was confirmed using SDS-PAGE and MALDI-TOF mass spectrometry.
Solution NMR structure determination protocol
A complete description of the methods used in the solution NMR structure determinations of all targets are presented elsewhere. [3] [4] [5] Briefly, samples of uniformly 13 *peaks folded in the 13 C dimension are present (+/-24ppm sweep width). The peaks in the 13 C dimension of the aliphatic NOESY are match-tested by AutoStructure NOESY assign routine. b In parenthesis peaks from aliphatic NOESY spectrum after exchange into 100% D 2 O solvent. Table S2 : Improvement in model accuracy using unassigned NOESY peak lists. (A) Results with CS-DP-Rosetta protocol; (B)Results with the AssignNOE-Rosetta protocol. Column 2 in 1A and 1B are the lowest full-length RMSD model among the ten best models by energy. Column 3 in 1A and 1B are the lowest full-length RMSD model in the CYANA/AutoStructure ensemble using the raw and refined peak lists, respectively. Column 4 in 1A denotes the lowest full-length RMSD model among the ten best models generated using CS-Rosetta (without DP-score filtering), and in 1B denotes the fulllength RMSD to the X-ray structure of the conformer in the PDB-deposited NMR ensemble that is closest to the X-ray structure. The number in parenthesis denote RMSD over the core-residues as identified by FindCore. All RMSDs are computed to the corresponding X-ray structure. The protein names are NESG target id's; detailed protein sequence data for these targets is available from the SPINE database.
(A) CS-DP-Rosetta (raw NOESY peak lists) Table S6 Mean inter-ensemble RMSD of the best 10 models generated using the CS-DP-Rosetta protocol and AssignNOE-Rosetta protocols. The numbers in parenthesis denote the standard deviation.
Protein name CS-DP-Rosetta AssignNOE-Rosetta 
Purpose
The purpose of CS-DP-Rosetta is to provide a robust method to generate structure models based on unassigned NOESY peak lists and extensive (backbone and sidechain) chemical shift information.
CS-Rosetta can generate high-resolution structure models based on backbone chemical shift information alone. However, it often fails to converge in fold space for medium or large size protein (>130 aa), given the search space is expanded exponentially as the number of residues increase. RPF software is a quality assessment program. It calculates a Discriminating Power (DP) score, an estimate how well a query structure fits to (i) unassigned NOESY peak list, together with (ii) an extensive chemical shift assignment list. The DP score is normalized relative to the NOESY peaks which would arise from a statistical random-coil, and a measure of the completeness of the NOESY data. Given a raw (or refined) NOESY peak list and chemical shift (backbone and extensive sidechain) information, the DP-Score can be used as a filter to effectively guide the trajectory of CSRosetta decoy generation, significantly reducing the search space. Since the NOESY peak list data are not directly included in structure calculation, CS-DP-Rosetta is much more robust to the quality of these peak lists than methods which attempt to assign each NOESY peak to one or more specific interproton interactions.
Scope
This SOP is relevant to structural biologists and computational biologists interested in generating 3D protein structures from NMR NOESY peak list and chemical shift (backbone and sidechain) assignment lists.
Prerequisites
NMR spectra acquisition, NMR spectra processing software, peak picking software.
In this work, NMR data were collected at 20 or 25 o C on Varian INOVA 600 and 750 MHz and Bruker AVANCE 600 and 800 NMR spectrometers, processed with NMRPipe, and the peak lists were generated from NOESY spectra using the SPARKY spectral visualizion software. The CS-DP-Rosetta method will be useful when data are collected on other NMR systems and processed and analyzed with other software.
Backbone and sidechain chemical shift assignments
Complete 1 H, 13 C, and 15 N resonance assignments were determined using GFT NMR data collection methods and conventional triple resonance NMR methods. Backbone assignments were made using the automated resonance assignment software AutoAssign or with the PINE server, and side chain assignments were completed manually. The CS-DP-Rosetta method will be useful when reliable and extensive backbone and sidechain resonance assignments are made manually or using other semi-automated methods.
Automatic peak picking procedures to generate raw and refined peak lists The 13 C and 15 N-edited 3D-NOESY raw peak lists were prepared systematically using the program SPARKY by automatic peak picking the 3D spectrum using the 2D 1 H, 13 C and 1 H, 15 N-HSQC as root spectra and 0.02 and 0.2 ppm as the pick-picking tolerances in the indirect 1 H and heavy atom dimensions, respectively. The CS-DP-Rosetta method should also work well when using other high quality automated NOESY peak picking software.
Refined NOESY peak lists were obtained by expert manual editing which involves artifact removal, picking of overlapped peaks and(or) picking starting from a script-based 3D-HcCH intra/sequential-residue NOE list that was manually extended to the long range unpicked resonances. Protein sequence file (fasta format), chemical shift file (BMRB2.1 format), unassigned raw or refined NOESY peak lists files (Xeasy format or Sparky format).
Procedure
Step 1: Generating ~50000 CS-Rosetta decoys In the "General Section" tab, input "Protein Name", select "Sequence File", "Chemical Shift File", set "Iterative Analysis Cycles" to 1, then select tab "PeakList Section", add peak list files one by one. Save the control file after all the peak lists have been added. 
